ABSTRACT: Air temperature and precipitation conditions in the Kaffi øyra region in the summer season (21 st July-31 st August) for the period of 1975-2010 are described: 1) on the basis of data gathered in 18 expeditions during which meteorological measurements were done, and 2) on the basis of complete series of data combining both original and reconstructed data. The latter ones were obtained using data from Ny Ålesund meteorological station, which are strongly correlated with the data from Kaffi øyra. Seasonal statistics presented for air temperature and precipitation based on these two sets of data reveal only slight changes. Temperature parameters (daily mean, maximum and minimum) for summer in Kaffi øyra in the study period (1975-2010) show upward trends, which are, however, statistically signifi cant only for the daily mean. On the other hand, precipitation totals in the study period reveal a downward trend, but not statistically signifi cant. Such thermal-precipitation behaviour in the study part of Spitsbergen in general terms is similar to those in other parts of Spitsbergen.
INTRODUCTION
The fi rst Toruń Polar Expedition to Kaffi øyra, located in the north-western part of Spitsbergen, was organized by the Institute of Geography, Nicolaus Copernicus University (NCU) and by the Institute of Geography and Spatial Organization, Polish Academy of Sciences in summer 1975. The last expedition took place in summer 2011. Within this time frame 19 expeditions altogether were organized with the participation of meteorologists and climatologists from the Department of Climatology NCU. Standard meteorological observations and measurements were made during all the expeditions near Polar Station of the Institute of Geography NCU (Kaffi øyra-Heggodden, see Figure 1 , Photos 1 and 2). During almost all the expeditions a common period of observations included a time frame from 21 st July to 31 st August. Therefore, the analysis presented in the paper is limited to this period. Untill now there have been more than 80 publications published based on meteorological data gathered during all 19 Toruń Polar Expeditions to Spitsbergen. Weather descriptions made during the expeditions, including also daily data, are presented in the following papers : Leszkiewicz 1977; Wójcik 1982; Wójcik, Marciniak 1983; Marciniak, Przybylak 1983 Kejna, Dzieniszewski 1993; Marciniak et al. 1993; Kejna 2002; Araźny 1999 Araźny , 2002 Przybylak, Szczeblewska 2002 , Kejna, Maszewski 2007 Przybylak, Araźny 2007; Maszewski, Wyszyński 2008; Jankowska, Kejna 2010. All meteorological data from observations made during the expeditions organized from 1975 to 1989 are published in extenso in a publication written by Wójcik et al. (1997) . However, untill now climate changes in this area have not been analysed. The reason was too short and not continuous series of observations. Recently, however, we estimate that there is enough data for a reliable reconstruction of the gaps in them with the use of data from the neighbouring station, i.e. from Ny Ålesund, located about 30 km to the north from our station. In the present paper two main meteorological variables (air temperature and precipitation) are reconstructed and analysed. The rest of meteorological variables will be analysed in separate papers.
The main aim of the present paper is to describe temperature and precipitation conditions in the study region for the whole period and to estimate their changes. It is very important if the changes of the analysed variables, and in particular air temperature, are in line with changes observed for the globe and the Arctic as a whole. It must be stressed here that the period covered by the meteorological observations in Kaffi øyra coincides with the second phase of contemporary global warming, which started in the mid-1970s.
DATA AND METHODS
Source data used in the present paper include fi xed hours temperature data (1:00, 7:00, 13:00, and 19:00 CET), as well as the maximum (T max ) and minimum (T min ) daily temperature and daily totals for precipitation from Nicolaus Copernicus University Polar Station. Temperature and precipitation measurements throughout all the study periods were done in the same site, using the same kind of instruments, i.e. mercury thermometers and Hellmann's ombrometer, and the same methodology. As a result, the gathered series of data, both of temperature and precipitation, are homogeneous.
Mean daily temperature (T i ) was calculated as a simple arithmetic mean of temperature measured during four times of observations mentioned above. Daily data were used to calculate seasonal (21 st July-31 st August) statistics. Both air temperature and precipitation gaps existing in the data from Kaffi øyra were completed using data from the nearest (distance 30 km) Norwegian meteorological station working in Ny Ålesund (Fig. 1) . For this purpose a correlation method was applied. For completed series, trends were computed using the regression equation: y = ax + b, where y is air temperature or precipitation, and x is the time. For the estimation of statistical signifi cance of the calculated trends Students' t test was used.
RESULTS

AIR TEMPERATURE AND PRECIPITATION FROM OBSERVATIONS
Air temperature
Weather conditions during all Toruń Polar Expeditions to Kaffi øyra (Spitsbergen) are presented in Table 1 . Generally, in Kaffi øyra, as it can be seen from the Table, Fig. 2 ). Also mean Tmax and mean Tmin were the highest and the lowest, respectively, in the mentioned seasons. The absolute minimum temperature (-4.2 o C) noted in the study period occurred in the coldest season, while the absolute maximum observed in the warmest season was the third highest value. The highest air temperature (18.9 o C) occurred in Kaffi øyra on 15 th August 1979. The analysis of the attached documentation allows to state that after mid 1990s air temperature in the Kaffi øyra was defi nitely higher than in the earlier period. This is in line with other observations made for Spitsbergen (e.g. Nordli 2010) and for the Arctic (Przybylak 2007) .
Mean daily air temperature in the study period very rarely dropped below 0 o C (Fig. 3) . Such situation occurred only in two seasons (1982 and 1989) at the end of August. The highest calculated mean daily air temperature (13. Looking at all the courses of T i and its mean course from all the expeditions, it is well seen that from the end of July a downward trend is observed. One singularity in the course of T i in the summer season is evident at the turn of July and August. During almost each expedition a marked coolness in temperature was observed at this time (Fig. 3) . Very often even a snowfall was observed at this time, in particular in mountain areas. Explanations: * -21.07-28.08; ** -28.07-31.08; V -wind velocity; C -cloudiness; SS -air sunshine duration; T max abs -absolute maximum air temperature; T max -maximum daily air temperature; T i -mean daily air temperature; T min -minimum daily air temperature, T min abs -absolute minimum air temperature; DTR -mean diurnal air temperature range; f -relative air humidity; P -sum of precipitation. 
Precipitation
The average precipitation total in Kaffi øyra in the summer season calculated from 18 expeditions was equal to 40.7 mm. Season-to-season changes in precipitation are very high (Tab. 1, Fig. 4 ). Suffi ce it to say that the wettest season (1997) saw 122.5 mm, while the driest one (2010) only 8.5 mm. Very wet seasons were observed also in 1980 (108 mm) and 1975 (66.5 mm). In Kaffi øyra dry summers are more common than wet ones. Seasonal precipitation totals below 20 mm were noted in 6 years : 1997, 2007, 2009, 1985, 1998, and 1979 . Defi nitely more of the driest seasons are noted in the second part of the study period than in the fi rst. Such behavior, i.e. increasing warming and decreasing precipitation observed in Kaffi øyra, is not in line with climate models projections, which suggest that in the warmer climate more precipitation should also occur, but it is in line with previous fi ndings of Przybylak (2002 Przybylak ( , 2003 . Both absolute values of temperature (T max and T min ) were lower than in Kaffi øyra. Mean precipitation totals in Kaffi øyra (40.7 mm) were higher than in Ny Ålesund (37.9 mm). In conclusion, we can say that both thermal and precipitation conditions in the compared sites are very similar (Przybylak, Araźny 2006) . To check how strong these relationships are, correlation coeffi cients were calculated, using both daily and seasonal values for air temperature parameters and only seasonal values for precipitation. Figure 5 shows relationships between daily temperatures (T i , T max and T min ) in Ny Ålesund and Kaffi øyra. Correlation coeffi cients (r) are very high for all temperature parameters, but the highest one is for T i (0.89). The same value of the correlation coeffi cient was obtained for T i using seasonal data, while slightly different coeffi cients were calculated for T max and T min (compare Figs 5 and 6). For T min seasonal values are better correlated than daily values, while for T max -the opposite situation is noted. Both spatial and temporal variability of precipitation are the greatest of all meteorological variables. As a result, the correlation coeffi cient between seasonal totals of precipitation in Ny Ålesund and Kaffi øyra is lower than for air temperature, but still very high (r = 0.72) (Fig. 7) . The documented very strong thermal-precipitation relationships between Ny Ålesund and Kaffi øyra allow us to reconstruct gaps existing in the analysed data series from Kaffi øyra using data from o C, and precipitation from 40.7 mm to 46.5 mm. Continuous temperature records for Kaffi øyra using both methods of their reconstruction are presented in Figure 8 . It is very well visible that the differences Figure 9 . Having completed the series of both temperature (T max , T i and T min ) and precipitation, it is now possible to calculate trends (Figs 8 and 9 ). In the study period an increase in air temperature occurred in all the presented parameters. However, a statistically signifi cant increase with a rate of 0.23 o C/decade was noted only for T i . T min showed a slightly lower increase than T max . On the other hand, precipitation totals in summer season in Kaffi øyra show a downward trend (6.44 mm/decade), which is not statistically signifi cant. . In Ny Ålesund the precipitation decrease was slightly greater (6.97 mm/decade) than in Kaffi øyra (6.44 mm/decade). The trend in both places, however, is not statistically signifi cant. In conclusion, one can say that in the north-west Spitsbergen, covering the areas from Kaffi øyra to Ny Ålesund, the rise in temperature in the study period was about 0. The analysis presented here shows that the existing number of meteorological observations for the Kaffi øyra region is enough to reliably reconstruct the missing data. At the present stage this was done for two main meteorological variables: temperature and precipitation. Successful reconstruction of this kind of data means that also reconstruction of other meteorological variables might be possible. Seasonal statistics presented air temperature and precipitation on the basis of not complete but more or less evenly distributed set of observations from the period 1975-2010 changed only slightly in comparison with statistics calculated for all the years of the study period (i.e. with gaps in series completed using reconstruction methods).
DISCUSSION AND FINAL REMARKS
Air temperature parameters (T i , T max and T min ) for summer in Kaffi øyra in the study period (1975-2010) show upward trends, of which, however, only the one for T i is statistically signifi cant. On the other hand, precipitation totals in the study period reveal a downward trend, but not statistically signifi cant. Such thermalprecipitation behaviour in the study part of Spitsbergen in general terms is similar to those in other parts of Spitsbergen.
